The objective of this article is to illustrate the possibilities of the boundary integral method in the analysis of acoustic scattering by the structure of a space launcher. Such an analysis is important in situations where the sound field reaches critical levels at takeoff. In these circumstances an increase in amplitude associated with reflection and scattering must be estimated with precision. 
INTRODUCTION
Modern space vehicles such as the Space Shuttle and spacecraft launchers such as Ariane rockets generate intense sound fields at liftoff and during the first instants of atmospheric flight. Acoustic loads induced on the structure and on the payload are particularly important when the vehicle is on the launch pad with a propulsion system operating at full power. Extreme acoustic loads are also generated in certain cases at a moderate elevation of the vehicle, corresponding to a strong interaction of the propulsive jets with the structure of the launch pad. The prediction of these loads constitutes an important technological problem. This prediction is commonly performed with semiempirical models based on spectral and spatial decompositions of the sound power radiated by the propulsion system. Simple concepts are used to describe the propagation from the noise sources and take into account ground effects and the lateral deflection of the jets exhausted by the rocket engines. Standard prediction methods and recommended practices are discussed in Ref. Theoretical calculations based on these concepts require a fair amount of experimental data and their accuracy is limited. As a consequence subscale testing is extensively used to obtain this experimental input, complement the theoretical evaluation of the acoustic loads, and tune the prediction codes.
One of the shortcomings of the prediction methods is that they do not account for the complicated wave reflec- We begin by giving a brief theoretical formulation of the method (Sec. I). Limits associated with resources available on current computers are discussed in Sec. II. A surface mesh generation procedure based on CAD for "Computer Aided Design" software is described in Sec. III. Test calculations are examined in Sec. IV and acoustic wave scattering by the Ariane IV launcher is considered in Sec. V.
I. THEORETICAL BACKGROUND
This section gives a brief description of the boundary integral formulation used in the present study. Further details and an application to radiation problems may be found 
3n
The boundary value problem for the scattered fieldps is then defined by V2ps -{-k2ps = 0, in II, 
The nodal values of the potential are obtained by solving this linear system of complex symmetric equations.
II. COMPUTATIONAL LIMITATIONS
The computational resources available on current computers set upper limits to the size of the problems that may be solved with the BIM described above. 
III. SURFACE MESH GENERATION
A considerable amount of time is usually spent on the generation of the surface meshes. Specific procedures may be devised for simple geometrical configurations, but it is more interesting to develop general methods applicable to moderately complex 3-D configurations. One approach that is particularly well suited to technical applications consists of using a general purpose computer-aided design (CAD) software to define the solid surface geometry and mesh this surface automatically. From the stored graphic model one then retrieves a data file containing the nodal coordinates and nodal connectivities (i.e., the couples of nodes that define the branches of the surface mesh). This procedure is schematically described in Fig. 2 .
Further details are given in the remainder of this section. For simplicity we will only consider the case of an axisymmetric solid body.
The In the immediate vicinity of the sphere, the numerical evaluation of the field produces unreliable results for all values of ka. This is so because the integral appearing in expression (6) becomes singular when the field point rM approaches the scattering surface $. This difficulty only arises in a thin boundary layer adjacent to the body. To obtain accurate values of the field in this layer it is, for example, possible to extrapolate these values from the field estimates obtained outside this region.
It is now worth examining the convergence properties of the BIM used in this study. To this purpose let us again consider the scattering of plane acoustic waves by a rigid sphere. consists of complementing the BIM with a few null field relations and stating that field vanishes inside the scattering body. This method, 7 which usually eliminates the nonuniqueness problem, is not implemented in the present code.
V. SCATTERING BY THE ARIANE IV STRUCTURE
We now describe some typical results of calculations relating to the Ariane IV launcher. We will first consider the complete launcher and then examine in some detail the field structure in the vicinity of the equipment bay and fairings of the rocket. In all calculations it is assumed that the outer , structure of the launcher is acoustically rigid.
A. Geometrical configuration
The geometry of the Ariane IV launcher is shown in Fig.   12 ; the definitions of the different elements of this vehicle and a plan view of the launch pad and gas trenches are also given. Among the different types of fairings that may be mounted on the launcher we will only consider the short version corresponding to a single payload. In this case, the fairings length is 8.6 m.
For a frequencyf less than or equal to 63 Hz, it is possible to discretize the complete launcher, including the four lateral boosters, and obtain a mesh that satisfies condition Because the geometry of the equipment bay base plate has a notable influence on the sound field, we will also consider a modified version of this element. In this version the base plate is replaced by a toric panel, which assures a smooth transition between the fairings and the third stage. The mesh corresponding to this modified configuration is shown in Fig. 13 (b) . The mesh used in the complete launcher calculation is displayed in Fig. 13 (c) .
B. Results of calculations for the complete launcher
The results presented here correspond to a frequency f= 63 Hz. For this frequency, the Strouhal number based on the nozzle diameter and jet exhaust velocity is St =fd/ uj =0.025. This number is below that corresponding to the maximum of the spectral density of the acoustic power radiated by the launcher (Stmax •0.1 ). From model scale experiments it is known that noise at this frequency is mainly radiated from a point located at about 40 nozzle diameters. Another view of the pressure field is obtained by plotting the RDI in a horizonatal plane (Fig. 15) . This plane, A view of the field structure plotted in the same horizontal plane as Fig. 15 shows some significant changes in the RDI distribution (Fig. 21 ) . The maximum of this index is about 4 dB. On the shadow side, the RDI index passes below --3dB.
These results indicate that the modified geometry leads to a 3-dB decrease of the sound amplitude in the vicinity of the equipment bay. 
